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THE PIEDBLEM OF THE VOWILITY OF NIOBIUM OXIDES *s/f5n 

I . V. Golubt sov, A.V. Lapitskiy, and V.K. Shiryaye$- 

2 ?Lf(  
Investigations on the  vo la t i l i t y  of niobium oxide, by J J  

measuring the  saturated vapor pressure of niobium dioxide 

and pentoxide, i n  a Knudsen effusion chamber, at l4.89 t o  

19OyK with radioactive Nbs5 as tracer ,  are discussed. 

Block diagrams of the modified "-heated vacuum unit with 

quartz collector, and tabulated data of the  measured vapor 

pressures of niobium o&des are given. 

i n  air a t  135@C does not evaporate, while it undergoes 

thermal dissociation i n  vacuum above 1 1 5 @ C  i n  accordance 

with the  equation: Nb& = 2 NIB2 + 8 02. 

Niobium pentoxide 

The current literature contains only fragmentary infomation on the  vola- 

t i l i t y  of niobium oxides. For example, Kolchin et al. (Eiibl.1) assert tha t  t he  

lower oxides of niobium have a noticeable v o l a t i l i t y  at  170O0C and a relat ively 

high v o l a t i l i t y  at 185OOC.  Unfortunately, t h e i r  report gives no data on the 

composition of t h e  oxides and on the  character is t ics  of the  vapor pressure of 

the  oxides mentioned. 

In  t h e  present work, an attempt was made t o  measure the  saturated vapor 

pressure of niobium pentoxide and niobium dioxide i n  the temperature range of 

L!& - 1909K with the  use of radioactive Nbs5 

-'M.V.bmonosov Sta te  University, Moscow, Radiochemistry Iaboratorg. Paper 
presented at  the  First In t e r in s t i t u t e  of Higher Learning Conference on Radio- 
chemistq, April %25, 1959, Moscow. 

H- Numbers i n  t he  margin indicate pagination i n  the or iginal  foreign text. 



Eberimental  Part 

On the  basis of literature data (Bibl.2, 3) and the  observations by the  

authors, one can say tha t  niobium oxides belong t o  the class  of comparatively 

d i f f i c u l t l y  volat i l izable  compounds. 

racy of t h e  measurements as w e l l  as the  s ens i t i v i ty  of the  method, we used Nts5 . 
For this reason and t o  increase the  accu- 

F'ig.1 Effusion Chamber 
1 - Effusion or i f ice ;  2 - Diaphragm; 3 - Vessel 

with specimen; 4 - Investigated substance; 
5 - Chamber casing; 6 - Spring-filled plug. 

To perform the experiment we constructed a device with high-frequency heating, 

using a vacuum u n i t  and an MXP-3 generator with an auxiliary osci l la tory loop. 

The vacuum uni t  produced a vacuum of t h e  order of 1 x 

i n  the  system, when the specimens were heated t o  1500 - l60@ . 
to 5 x mm Hg 

The sample t o  be tes ted was placed i n  a Knudsen effusion chamber (Bibl.4) 

constructed especially f o r  this experiment (Fig.1). 

chamber (vessel and diaphragm) were interchangeably made of molybdenum, tung- 

The working portions of t he  

sten, and higktemperature ceramics. 

device was selected (Fig.2). The vapor col lector  was connected with t h e  vacuum 

unit over a ground jo in t  and provided w5th a circulat ing water jacket f o r  cool- 

For evaporation, a quar tz  and tungsten 
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i n g  t he  ins ide  surface of t h e  collector. 

sealed i n t o  the  upper park of t h e  cylinder. 

l y  below the Window, a gUartz screen was inser ted through the  ground joint,  

t o  prevent deposition of oxides on the Window. At t he  start of the  experiment, 

we exhausted the  device t o  a pressure of lo-’ mm Hg and then heated the  chamber 

t o  the  prescribed temperature by a high-frequency current. Usually this opera- 

t i o n  took 20 - 30 sec. For starting t h e  exposure, we used the  ins tan t  at which 

A window of fused polished quartz was 

Into the  quartz collector, slight- 

Fig.2 Q.~~,rtz  Instrument 

3 - Tungsten holders; 4 - Radiation shield; 
5 - Effusion chamber; 6 - Water jacket; 
7 - Ground joint  with protective screen; 

8 - Quartz tube; 9 - Optical exit with prism. 

1 - Plane ground joint; 2 - Baseplate of d t ;  

the prescribed temperature w a s  reached and f o r  stopping t h e  experiment, t h e  

cutoff of the  HF generator. 

not allowed t o  enter  the  device bmediately after t h e  f i n a l  cooling but some 

In t h e  experiments with niobium dioxide the  air was 

time later so as t o  avoid oxidation t o  niobium pentoxide. The temperature of 

the effusion chamber was measured by an OPIIR-09 opt ica l  pyrometer. 

To measure the  saturated vapor pressure of niobium pentoxide, we used the 

These experiments were carried flow method i n  addition t o  the hudsen method. 
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out with a setup consisting of an MVP-3 furnace, a reaction tube, an a i r  dry- 

i n g  unit ,  and a Patrikeyev uGsp-1 gasometer systesl. A corundum crucible wi th  a 

weighed sample of niobium pentoxide was placed i n  the  reaction tube. 

To obtain the  initial preparations labeled with Ifbs5, w e  used metall ic 

niobium powder containing t race  inpurities of iron, titanium, sil icon, t i n ,  and 

tantalum. 

after adding NbS5 t o  t he  solution, it was precipi ta ted w i t h  tannin and roasted 

t o  t h e  pentoxide. 

metall ic niobium, used a t  a r a t i o  of 21, i n  a E V - 1  furnace at a vacuum of 

lo-* m Hg with heating of this m i x t u r e  i n  an alundum crucible f o r  10 hrs  at 

about l25@C. 

oxide which was ident i f ied  from its X-ray pattern.  

The niobium was converted t o  oxide and then t o  an oxalate complex; 

Niobium dioxide was obtained from t h e  act ive pentoxide and 

U s i n g  t h e  same method, we simultaneously obtained an i n e r t  di- 

The Debye powder diagram 

confirmed the  formation of niobium dioxide, with very small residual quantities 

of t h e  ini t ia l  high-temperature modification of niobium pentoxide. 

The specif ic  a c t i v i t y  of t he  obtained oxide was determined by measuring the  

The substance that had precipi ta ted a c t i v i t y  on the  gama-tube of t he  E 2  unit .  

on t h e  col lector  was washed off with s m a l l  amounts of hot concentrated su l fur ic  

acid. Washing was perfomed three times. The last portion of t he  acid showed 

no ac t iv i ty .  The su l fur ic  acid was carefully evaporated i n  a dish f o r  counting. 

The vapor pressure was calculated by t h e  formula 
-... 

P= 17.14 $/ I 

where m denotes the  mass of t h e  vola t i le  f rac t ion  w i t h  an a c t i v i t y  I; mo i s  t h e  

weight of a standard with an ac t iv i ty  &,; K i s  the Clausing coefficient;  t i s  
- 

t he  exposure time; M i s  t h e  molecular weight; S i s  t h e  area of t he  effusion 

or i f ice ,  i n  cm2. 



-- 
I 

The data  obtained are shown i n  Table 1 and i n  Fig.3. 

To determine the  s t a b i l i t y  of niobium dioxide i n  vacuum i n  contact w i t h  

molybdenum, we recorded t h e  X-ray pattern of a specinen heated at 1308 f o r  1573 

2 hrs. Ident i f icat ion of t he  l i nes  shuwed good agreement, with the  literature 

data  (Bib l .5)  f o r  niobium dioxide, which proves the  constancy of this phase . 

under experimental conditions. 

TABU 1 

VAEQR PRESSURE OF NIOBIW DIOXIDE (AREA OF EFFUSION 
ORIFICE 7.06 x m2, CLAUSING COEFFICIENT 0.858) 

t Mass of evaporated 
'WeratureVOK 

- 

1489 1.91.1o-r 
1556 1.12. lo-s 
1556 1.50.1o-i 
1612 a.2?o.te-, 
1612 3.01 * 1W 
1712 1 3.69.lba 
1783 
1783 
1905 

7.02.10-S 
6.78- 104 
1-01 - lo-' I 

Under the  same conditions w e  carried out an experiment with act ive niobium 

pentoxide. The values obtained are shown i n  Table 2 and F'ig.3. 

F'ig.3 Vapor Pressure of Niobium Dioxide (0) and Niobium 
Dioxide from a Mixture of NbOz + Nb205 ( 0 )  
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The coating deposited on t h e  collector was black i n  color. The na tu re  of 

t h e  coating on the  col lector  and an analysis of the  experimental data of Fig.3 

raises doubt as t o  the  evaporated compound actual ly  being Nb~05. Ehperiments 

even at  135@C since not even t races  of a radioactive coating could be detected 

on t h e  col lector  at t h e  high specif ic  ac t iv i ty  (15 p/gm) of the  initial p r e p a r a  

t ion ,  H e r e ,  t he  temperature was measured by a standard thermocouple. 

TABU 2 

VAPOR PRESSUR3 OF NIOBIUM DIOXIDE OBTAINED E3Y THEXEAL 
DISSOCIATION OF NIOBIUM PENTOXIDE I N  VACUUM (AREA OF 

CLAUSING COEFFICIENT 0 . 516) 
EFFUSION ORIFICE 1.25 x io-* .m”, 

t 

Proceeding from the assumption of a possible interact ion of niobium pent- 

oxide with the chamber material, we made an X-ray phase analysis of the  niobium 

preparations roasted both i n  ceramic and i n  tungsten boats. 

powder pat terns  were ident ical ,  indicating that the  chamber material did 

not a f f ec t  the s t a b i l i t y  of niobium- 

I n  both cases, t h e  

/574 

W e  a l so  recorded the  X-ray pat tern of t h e  

surface layer  of niobium pentoxide, taken - a f t e r  heating i n  vacuum - from the 

center portion of the  vessel  of the effusion chamber. The X-ray pat tern showed 

an appreciable content of niobium dioxide i n  the preparation. 

Thus, we can consider t ha t  i n  vacuum at  high temperatures thermal d i s s o c i a  
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t i o n  takes place, described by the equation: Nb205 = 2Nb02 + s2; t he  obtained 

data  (Table 2) actually represent t he  vapor pressure of niobium dioxide, but 

apparently f o r  different degrees of vapor saturation i n  the chamber. 

The authors wish t o  thank Pu.P.Simanov fo r  assistance and valuable advice 

i n  the interpretat ion of the data  of the  X-ray phase analysis, and L.P.Belykh, 

V.A.Galushkin, and V.G.Pakhomv for a i d  i n  se t t ing  up the  device. 

Conclusions 

1. The vapor pressure of niobium dioxide was measured i n  t h e  temperature 

range of Ih.89 - 1909K by the  t racer  method. 

2. It was demonstrated by means of Nbs5 t h a t  niobium pentoxide i n  an air 

stream at 1358C does not evaporate and under these conditions i s  a thermally 

s tab le  compound. 

3. It was established t h a t  niobium pentoxide i n  vacuum a t  a temperature 

above l l 5 O o C  undergoes thermal dissociation i n  accordance with t h e  equation: 

Nb205 = m o 2  + 9 2 .  
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